One sentence summary: Recent advances in understanding the diversity of 33 peroxisome contributions to plant biology and the mechanisms through which these 34 essential organelles are generated and turned over are highlighted.
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These authors contributed equally to the article. Consequently, pmdh, mdar4, and pxn mutants also display β-oxidation defects 79 (Eastmond, 2007; Pracharoenwattana et al., 2007; Bernhardt et al., 2012; Rinaldi et al., 80 2016; van Roermund et al., 2016) . 81 Oil bodies, also known as lipid droplets, compartmentalize neutral lipids and allow 82 storage of large quantities of triacylglycerol in oilseeds (reviewed in Pyc et al., 2017) . 83 During germination and early seedling growth, peroxisomes associate with oil bodies 84 (Chapman and Trelease, 1991; Hayashi et al., 2001 ) to utilize seed energy reserves 85 (reviewed in Graham, 2008) . Oil body triacylglycerol is hydrolyzed to free fatty acids by (Brown et al., 2013) similar to sdp1 and pxa1 mutants (Eastmond, 2006; Slocombe et 97 al., 2009; Kelly et al., 2013) . The mechanism through which peroxisomal enzyme 98 dysfunction feeds back to prevents triacylglycerol mobilization is unknown. 99 In addition to fueling germination, oil bodies and peroxisomes collaborate to provide 100 energy in leaves. Arabidopsis CGI-58, a homolog of a mammalian lipase activator 101 (comparative gene identification-58), promotes PXA1 function in leaves but not in 102 germinating seeds (Park et al., 2013) , and triacylglycerol accumulates in leaf oil bodies 103 in cgi-58 mutants (James et al., 2010) . Moreover, β-oxidation of triacylglycerol from 104 stomatal oil bodies contributes to the ATP production necessary for stomatal opening 105 upon transfer from dark to light (McLachlan et al., 2016) . When β-oxidation is slowed, as 106 in pxa1, sdp1, or cgi-58 mutants, stomatal opening is impeded (McLachlan et al., 2016) . 107 Because environmental stimuli, such as light and temperature, regulate stomatal 108 aperture to control water and gas exchange (reviewed in Hetherington and Woodward, 109 2003), β-oxidation-mediated stomatal opening hints that peroxisomes have a role in 110 responding to environment cues. (Rylott et al., 2003; Fulda et al., 2004; Khan et al., 2012 (Liu et al., 2017; Yuan et al., 2017) , and overexpressing ACX3 151 rescues cat2 seedling growth defects (Liu et al., 2017 Beyond fatty acid β-oxidation, peroxisomal enzymes β-oxidize precursors of the 171 hormones auxin, jasmonic acid (JA), and salicylic acid (SA) (Figure 1 ). Indole-3-butyric 172 acid (IBA), one of several auxin precursors in plants (reviewed in Korasick et al., 2013), 173 is converted in peroxisomes to the active auxin indole-3-acetic acid (IAA) (Zolman et al., 174 2000; Strader et al., 2010; reviewed in Strader and Bartel, 2011) . IBA-derived auxin is 175 important during seedling development, when it influences lateral rooting (Zolman et al., 176 2001; De Rybel et al., 2012) , cotyledon and root hair expansion, and apical hook 177 formation (Strader and Bartel, 2009; Strader et al., 2010; Strader et al., 2011) .
178
The JA precursor 12-oxo-phytodienoic acid undergoes reduction and two β-oxidation (Bussell et al., 2014) , which is presumably hydrolyzed to benzoic acid and exported to 195 the cytosol, where benzoic acid is converted to SA (Yalpani et al., 1993 promotes rice root growth via ROS production and blocking redox gene expression (Xu 199 et al., 2017) . These findings illustrate the varied means by which β-oxidation contributes 200 to ROS and illuminate a ROS signaling role in plants. 201 In addition to hormone production, the peroxisome is a site of hormone crosstalk. 10/11/2017 7 For example, SA, which is induced in response to biotrophic pathogens, directly inhibits 203 catalase activity (Yuan et al., 2017) . This catalase inhibition reduces JA production via 204 the consequent reduction in ACX activity and reduces IAA production through H 2 O 2 -205 mediated modification of a key IAA biosynthetic enzyme (Yuan et al., 2017 
Photorespiration -Not Just for Chloroplasts
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In addition to the core processes of β-oxidation and ROS detoxification, plant 212 peroxisomes house diverse specialized functions (reviewed in Reumann and Bartel, 213 2016) that may change during development (Titus and Becker, 1985; Nishimura et al., 214 1986; Sautter, 1986; Lingard et al., 2009) does not seem to impact salt tolerance (Mitsuya et al., 2010; Frick and Strader, 2017 (Gardner et al., 2015) . In addition to tethering PEX1-PEX6, mammalian PEX26 523 interacts with the PEX14 docking peroxin (Tamura et al., 2014) , hinting that PEX26 may 524 bridge the import and export machinery. reported (Rinaldi et al., 2017) . pex1-3 is inviable when homozygous and displays 530 impaired matrix protein import and enlarged peroxisomes when heterozygous (Rinaldi 531 et al., 2017) . pex1-2 displays impaired matrix protein import and low levels of both 532 PEX1 and PEX6 (Rinaldi et al., 2017) , suggesting that PEX1 normally stabilizes PEX6.
533
Overexpressing PEX6 restores PEX1 levels and ameliorates pex1-2 peroxisomal 534 defects (Rinaldi et al., 2017) , suggesting reciprocal stabilization of PEX1 by PEX6. and increased PEX5 membrane association (Ratzel et al., 2011; Gonzalez et al., 2017), 540 implying that PEX5 is degraded when recycling is impaired (Figure 3) . The atypical tagged PMP is sufficient to trigger pexophagy (Kim et al., 2008) . PEX2-mediated 580 ubiquitination of PEX5 or PMP70 triggers pexophagy during starvation (Sargent et al., 581 2016), and ROS increase PEX5 phosphorylation, leading to PEX5 ubiquitination and 582 subsequent p62-mediated pexophagy (Zhang et al., 2015) .
583
Arabidopsis pexophagy was recently demonstrated (Farmer et al., 2013; Kim et al., 584 2013; Shibata et al., 2013) . During seedling development, peroxisome functions shift from fatty acid utilization to photorespiration (Titus and Becker, 1985; Nishimura et al., 586 1986; Sautter, 1986; Lingard et al., 2009) . Autophagy mutants accumulate peroxisomal 587 proteins (Shibata et al., 2013; Yoshimoto et al., 2014) and peroxisomes (Kim et al., 588 2013; Yoshimoto et al., 2014) during this transition, suggesting a role for pexophagy in 589 clearing obsolete peroxisomes. Moreover, autophagy-defective mutants were recovered 590 in a microscopy-based screen for aggregated peroxisomes (Shibata et al., 2013) . H 2 O 2 591 treatment or reducing catalase function also results in peroxisome clustering in 592 autophagy-defective mutants (Shibata et al., 2013; Yoshimoto et al., 2014) . These 593 findings suggest that oxidatively damaged peroxisomes are degraded via autophagy.
594
The autophagy machinery coordinates peroxisome abundance together with the 595 peroxisomal matrix protease LON2 (Farmer et al., 2013) . The chaperone activity of 596 LON2 normally inhibits pexophagy (Goto-Yamada et al., 2014) , and as cells age, lon2 597 mutants develop β-oxidation defects and low peroxisomal protein levels (Lingard and 598 Bartel, 2009) due to heightened pexophagy (Farmer et al., 2013) . 599 Interestingly, lon2 and PEX1/pex1-3 peroxisomes appear enlarged, and preventing 600 autophagy restores peroxisome size in both mutants (Farmer et al., 2013; Goto-601 Yamada et al., 2014; Rinaldi et al., 2017) , suggesting that these enlarged peroxisomes 
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• Peroxisomal membrane extensions (peroxules) dynamically interact with other plant organelles that share metabolic tasks with peroxisomes.
• Core peroxins that mediate peroxisome biogenesis and division in other eukaryotes are present in plants, and analyses of Arabidopsis peroxin-defective mutants have uncovered conserved and novel functions of these proteins.
• Plants degrade oxidatively damaged or obsolete peroxisomes through pexophagy, a form of specialized autophagy. 
